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ABSTRACT 

C u r r e n t  manned p l a n e t a r y  program s t u d i e s  i n c l u d e  
c o n s i d e r a t i o n  o f  t h e  f o l l o w i n g  e n c o u n t e r  m i s s j o n s :  1 9 7 5  
Mars, 1 9 7 7  t r i p l e  p l a n e t  (Venus-Mars-Venus) and 1978 d u a l  
p l a n e t  (Venus-Mars). The p l a n e t  i l l u m i n a t i o n  d u r i n g  t h e  
e n c o u n t e r  phases of  e a c h  o f  t h e s e  m i s s i o n s  i s  examined t o  
d e t e r m i n e  1) s u i t a b i l i t y  for c o n d u c t i n g  e x p e r i m e n t a l  p robe  
o p e r a t i o n s  and 2 )  c o n s t r a i n t s  t h a t  may b e  imposed on opera-  
t i o n s .  The r e s u l t s  show t h a t  v i s u a l  t a r g e t i n g  o f  p r o b e s  a t  
Mars i s  f e a s i b l e  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  t h e  1978 m i s -  
s i o n .  MSSR p r o b e s  f o r  t h e  1977  and 1978 m i s s i o n s  must b e  
d e s i g n e d  f o r  l o n g  s u r f a c e  l i f e t i m e  or o p e r a t i o n  i n  d a r k n e s s .  
The i l l u m i n a t i o n  o f  Venus r e v e a l s  t he  p o s i t i o n  o f  t h e  s u b s o l a r  
and a n t i - s o l a r  r e g i o n s .  I f  p robe  e n t r y  a n g l e s  are l i m i t e d  
to t h e  10-30° r a n g e ,  t h e  s u b s o l a r  r e g i o n  may n o t  b e  a c c e s s i b l e  
to probes  on t h e  second Venus e n c o u n t e r  o f  t h e  1 9 7 7  m i s s i o n  
o r  t h e  1978 m i s s i o n .  The a n t i - s o l a r  r e g i o n  a p p e a r s  a c c e s s i b l e  
to p r o b e s  on t h e  1 9 7 7  m i s s i o n  b u t  n o t  on t h e  1978 m i s s i o n .  
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

Cur ren t  manned p l a n e t a r y  program s t u d i e s  i n c l u d e  
c o n s i d e r a t i o n  o f  t h e  f o l l o w i n g  e n c o u n t e r  m i s s i o n s :  1975 Mars, 
1977 t r i p l e  p l a n e t  (Venus-Mars-Venus) and 1978 d u a l  p l a n e t  
(Venus-Mars).  The pu rpose  o f  t h i s  memorandum i s  t o  examine 
t h e  p l a n e t  i l l u m i n a t i o n  d u r i n g  t h e  e n c o u n t e r  phases o f  e a c h  
o f  t hese  m i s s i o n s  i n  o r d e r  t o  de t e rmine  1) s u i t a b i l i t y  f o r  con- 
d u c t i n g  e x p e r i m e n t a l  p robe  o p e r a t i o n s  and 2 )  c o n s t r a i n t s  t ha t  
may b e  imposed on t h e  probe  s y s t e m  r e q u i r e m e n t s .  I n c i d e n t  t o  
t h e  n e c e s s a r y  a n a l y s i s ,  a d d i t i o n a l  t r a j e c t o r y  data were de te r -  
mined and r e c o r d e d  here f o r  r e f e r e n c e  p u r p o s e s .  

DIISS I ON PARAMETERS 

The m i s s i o n s  ana lyzed  are  t h o s e  s e l e c t e d  by t h e  p l a n -  
e t a r y  J o i n t  Ac t ion  Group ( J A G )  as t h e i r  b a s e l i n e  m i s s i o n s .  
They  are  assumed t o  be r e p r e s e n t a t i v e  o f  t h e  c l a s s e s  o f  t r a -  
j e c t o r i e s  f rom which t h e y  were chosen .  However, w i t h  i? wide 
r a n g e  of  l aunch  da tes  and p l a n e t  e n c o u n t e r  dates  t h i s  may n o t  
be t h e  c a s e .  The s p e c i f i c  i n i s s ions  e v a l u a t e d  are:  

1975 Mars 
E a r t h  l a u n c h  September  23, 1975 
Mars e n c o u n t e r  J a n u a r y  31 ,  1976 
E a r t h  e n t r y  J u l y  2 2 ,  1977 

1977 T r i p l e  P l a n e t  
E a r t h  l a u n c h  

Mars e n c o u n t e r  
Venus e n c o u n t e r  
E a r t h  e n t r y  

1978 Dual P l a n e t  

Venus e n c o u n t e r  AUG 1977 

E a r t h  l a u n c h  December 8 ,  1978 
Venus e n c o u n t e r  May 1 5 ,  1979 
Mars e n c o u n t e r  J a n u a r y  2 ,  1980 
E a r t h  e n t r y  September 1 3 ,  1980 

T 
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TRAJECTORY DATA 

I n  o r d e r  t o  de t e rmine  t h e  e n c o u n t e r  geometry a 
computer program was w r i t t e n  by t h e  a u t h o r .  
t e rmi .nes  t h e  i l l u m i n s t i o n  o f  t h e  p l a n e t  on a r r i v a l  and de- 
p a r t u r e ,  t h e  s p a c e c r a f t  t r a j e c t o r y  i n  t h e  f l y b y  p l a n e  and 
t h e  v a r i a t i o n s  o f  sun  a n g l e  ( s u n - p l a n e t - s p a c e c r a f t  a n g l e ) ,  
f l i g h t  p a t h  a n g l e ,  t i m e  from p e r i a p s i s ,  d i s t a n c e  from t h e  
c e n t e r  o f  t h e  p l a n e t  and v e l o c i t y  o f  t h e  s p a c e c r a f t .  The 
o u t p u t  data  from t h e  computer program are p r e s e n t e d  i n  
F i g u r e s  1-1 t h r o u g h  3-7. 

The  program de- 

The g r a p h i c  p r e s e n t a t i o n  of e a c h  m i s s i o n  has the  
same fo rma t .  
t o r i e s  o f  t h e  s p a c e c r a f t ,  Mars, E a r t h ,  Venus and Mercury as 
viewed from t h e  normal  to t h e  e c l i p t i c  p l a n e .  
p l o t t i n g ,  a l l  t r a j e c t o r i e s  a r e  p l o t t e d  w i t h o u t  r e g a r d  f o r  
t h e  a n g l e  of i n c l i n a t i o n  to t h e  e c l i p t i c  p l a n e .  

The f i r s t  diagram shows t h e  h e l i o c e n t r i c  t r a j e c -  

To s i m p l i f y  

For each  p l a n e t  e n c o u n t e r  there  are  t h r e e  f i g u r e s .  
The f i r s t  i s  a view of t h e  h y p e r b o l i c  f l y b y  p l a n e  as s e e n  
from t h e  normal  t o  t h e  f l y b y  p l a n e .  I n  a d d i t i o n  t o  t h e  s o l a r  
i l l u m i n a t i o n  o f  t h e  p l a n e t ,  t h e  view o f  t h e  h y p e r b o l i c  f l y b y  
p l a n e  shows t h e  a r r i v a l  a sympto te ,  d e p a r t u r e  a sympto te ,  p e r -  
i a p s i s  p o s i t i o n  and t h e  f l y b y  t r a j e c t o r y .  
shows t h e  p l a n e t  as s e e n  from t h e  a r r i v a l  and d e p a r t u r e  
a s y m p t o t e s .  
t r a c e  on t h e  p l a n e t .  
parameters as a f u n c t i o n  of  t r u e  anomaly: 
aps i s ;  2 )  d i s t a n c e  from t h e  c e n t e r  o f  t h e  p l a n e t ;  3 )  sun  
a n g l e  on a r r i v a l ;  4 )  sun a n g l e  on d e p a r t u r e ;  5 )  f l i g h t  p a t h  
a n g l e ;  and 6 )  v e l o c i t y  of t h e  s p a c e c r a f t .  The diagrams o f  
t h e  p l a n e t s  show t h e  l o c a t i o n  o f  t h e  t e r m i n a t o r ,  t h e  e q u a t o r ,  
t h e  p o l e  which i s  v i s i b l e ,  t h e  s u b s o l a r  ( a n t i - s o l a r )  p o i n t  
i f  v i s i b l e  and t h e  sub-Ear th  ( a n t i - E a r t h )  p o i n t .  

The second d iagram 

The t h i r d  f i g u r e  c o n t a i n s  t h e  f o l l o w i n g  
1) t i m e  f rom p e r i -  

The " a r r i v a l - d e p a r t u r e "  v iews  a l s o  show t h e  f l y b y  

The p o s i t i o n  of  t h e  p l a n e t  w i t h  r e s p e c t  to t h e  sun  
was assumed t o  b e  f i x e d  i n  t h e  e n c o u n t e r  r e s u l t s  p r e s e n t e d .  
Thus,  t h e r e  i s  a small e r r o r  i n  t h e  p o s i t i o n  o f  t h e  t e r m i n a t o r  
and t h e  s u n - p l a n e t - s p a c e c r a f t  a n g l e s .  However, f o r  t h i s  a n a l -  
y s i s  t h e  mot ion  of t h e  p l a n e t  i s  n e g l i g i b l e  when compared t o  
t h e  mot ion  of t h e  s p a c e c r a f t .  

1975 ENCOYNTER MISSION 

The f u l l y  s u n l i t  p l a n e t  on s p a c e c r a f t  a r r i v a l  
( F i g u r e  1-3)  i s  c h a r a c t e r i s t i c  o f  t h e  t w i l i g h t  e n c o u n t e r  m i s -  ~- 

t h e  northvern hemisphere as 
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shown by t h e  f l y b y  t r a c e ,  w i t h  p e r i a p s i s  o c c u r r i n g  1 4 "  behind  
t h e  t e r m i n a t o r .  The sun a n g l e  on approach  i s  abou t  6" 
( F i g u r e  1-11). For comparison,  p h o t o s  t h r e e  and f o u r  t a k e n  
by  Mar ine r  I V  had a sun  a n g l e  o f  abou t  10". The l a n d i n g  s i t e  
o f  t h e  Mars S u r f a c e  Sample Return  (MSSR) p robe  unde r  c o n s i d e r a -  
t i o n  would be l a s t  viewed from t h e  s p a c e c r a f t  between 1 2  and 
15 h o u r s  p r i o r  t o  p e r i a p s i s ,  c o r r e s p o n d i n g  t o  s u r f a c e  r e s o -  
l u t i o n s  of 0.3 km and 0 . 5  km, r e s p e c t i v e l y ,  w i t h  a one- 
meter d i f f r a c t i o n  l i m i t e d  t e l e s c o p e . '  T h i s  compares w i t h  a 
maximum r e s o l u t i o n  o f  3 km f o r  Mar ine r  I V .  However, w i t h  t h e  
small  sun  a n g l e  t h e  t e c h n i q u e  o f  shadow measurement may n o t  
be a d e q u a t e  t o  d e t e r m i n e  topography.  

1977 TRIPLE PLANET ENCOUNTER MISSION 

I n  t h e  1977 t r i p l e  p l a n e t  e n c o u n t e r  t h e  two Venus 
e n c o u n t e r s  are  similar.  The a n g l e s  o f  i n c l i n a t i o n  t o  t h e  
Venus o r b i t  p l a n e  a r e  8 0 . 4 "  and 80.5",  r e s p e c t i v e l y ,  and b o t h  
t r a j e c t o r i e s  pass o v e r  t h e  s o u t h  p o l a r  r e g i o n .  On t h e  f i r s t  
e n c o u n t e r  p e r i a p s i s  o c c u r s  on t h e  s u n l i t  s i d e  o f  t h e  p l a n e t  
and f o r  t h e  s e c o n d y o n  t h e  darks ide .  The p e r i a p s i s  a l t i t u d e s  
are  680 km and 700 km, r e s p e c t i v e l y  ( F i g u r e s  2-2 and 2 -8 ) .  

The s u b s o l a r  and a n t i - s o l a r  r e g i o n s  a re  t h e  a r e a s  
o f  g rea tes t  s c i e n t i f i c  i n t e r e s t  a t  Venus. I f  p robe  e n t r y  
a n g l e s  a r e  l i m i t e d  t o  t h e  10-30" r a n g e ,  a p p r o x i m a t e l y  one- 
t h i r d  of  t h e  p l a n e t  i s  a c c e s s i b l e  t o  p r o b e s . 2  
e n c o u n t e r ,  p robes  cou ld  b e  t a r g e t e d  t o  b o t h  r e g i o n s  of  g r e a t e s t  
s c i e n t i f i c  i n t e r e s t .  However, i n  t h i s  e n c o u n t e r  t h e  space-  
c r a f t  has l i n e - o f - s i g h t  c o n t a c t  w i t h  t h e  s u b s o l a r  p o i n t  ( sun-  
p l a n e t - s p a c e c r a f t  a n g l e  < g o o )  f o r  o n l y  1 . 5  h o u r s  ( F i g u r e  2 - 4 ) .  
The second e n c o u n t e r  has l i n e - o f - s i g h t  c o n t a c t  w i t h  t h e  sub- 
s o l a r  p o i n t  on a r r i v a l  and t h e  a n t i - s o l a r  p o i n t  on d e p a r t u r e  
( F i g u r e  2 - 1 0 ) ,  b u t  t h e  s u b s o l a r  r e g i o n  may n o t  be a c c e s s i b l e .  

For t h e  f i r s t  

The Mars e n c o u n t e r  has a p e r i a p s i s  r a d i u s  o f  3960 km 
on t h e  d a r k s i d e  of  t h e  p l a n e t .  I n  t h i s  i n s t a n c e  t h e  two pro-  

d e s i g n e d  f o r  l o n g  s u r f a c e  l i f e t i m e  i f  t h e y  a r e  t o  o p e r a t e  i n  
s u n l i g h t .  The MSSR's on t h i s  m i s s i o n  would r e q u i r e  l e s s  pro-  
p u l s i o n  c a p a b i l i t y  t h a n  t h e  1975 m i s s i o n  MSSR s i n c e  t h e  v e l o -  
c i t y  o f  t h e  s p a c e c r a f t  i s  about  one-ha l f  t h a t  of  t h e  1975 
Mars e n c o u n t e r  m i s s i o n .  However, t h e  requi rement .  f o r  o p e r a t i n g  
i n  t h e  d a r k n e s s  or w i t h  a long  s u r f a c e  l i f e t i m e  iaay incr;.ease 
t h e  weight  r e q u i r e m e n t  o v e r  what has been  p r e v i o u s l y  es t imated.  

posed  TvtSSz?s3 fijust be des igned  to opez>ate fn tile dalik~iess or 

The MSSR l a n d i n g  s i t e  would b e  l a s t  viewed between 
1 2  and 15 hours  p r i o r  t o  p e r i a p s i s  a t  s u r f a c e  r e s o l u t i o n s  of  
a p p r o x i m a t e l y  0 .2  km. Shadows o c c u r r i n g  w i t h i n  20' o f  t h e  
t e r m i n a t o r  would b e  v i s i b l e .  Hence, shadow measurement may be 
used  t o  d e t e r m i n e  topography.  
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1 9 7 8  D U A L  PLANET ENCOUNTER MISSION 

I n  t h i s  m i s s i o n  t h e  f l y b y  p l a n e  has an a n g l e  of  
i n c l i n a t i o n  o f  12.2O w i t h  r e s p e c t  t o  t h e  Venus o r b i t  p l a n e  
d u r i n g  t h e  Venus e n c o u n t e r .  The s p a c e c r a f t  h a s  l i n e - o f - s i g h t  
c o n t a c t  w i t h  t h e  s u b s o l a r  p o i n t  on approach  and  t h e  a n t i -  
s o l a r  p o i n t  on d e p a r t u r e .  However, as i n  t h e  second Venus 
e n c o u n t e r  on t h e  1977 m i s s i o n ,  t hese  r e g i o n s  may n o t  b e  a c -  
c e s s i b l e  t o  t h e  p r o b e s .  

The Mars e n c o u n t e r  i s  from t h e  d a r k s i d e  o f  t h e  p l a n e t  
w i t h  a lmos t  t h r e e - f o u r t h s  o f  t h e  p l a n e t  i n  d a r k n e s s .  The r e s o -  
l u t i o n  o f  a one-meter  d i f f r a c t i o n  l i m i t e d  t e l e s c o p e  i s  approx-  
i m a t e l y  0 . 2  km a t  1 2  h o u r s  b e f o r e  p e r i a p s i s ,  b u t  t h e r e  may b e  
a problem i n  v i s u a l  t a r g e t i n g  o f  p r o b e s  s i n c e  so  much o f  t h e  
p lane t  i s  i n  d a r k n e s s .  The s p a c e c r a f t  passes o v e r  t h e  d a r k  
l i m b  o f  t h e  p l a n e t  w i t h  p e r i a p s i s  3 6 O  b e h i n d  t h e  t e r m i n a t o r .  
The MSSR's for t h i s  m i s s i o n  must be  d e s i g n e d  f o r  o p e r a t i o n  i n  
t h e  d a r k n e s s  or l o n g  s u r f a c e  l i f e t i m e  as was t h e  c a s e  f o r  t h e  
1977 t r i p l e  p l a n e t  m i s s i o n .  

CONCLUSION 

A n a l y s i s  o f  t h e  p l a n e t  i l l u m i n a t i o n  d u r i n g  t h e  en- 
c o u n t e r  p h a s e  o f  manned p l a n e t a r y  e n c o u n t e r  m i s s i o n s  assumed 
as b a s e l i n e  m i s s i o n s  by t h e  J A G  y i e l d s  t h e  f o l l o w i n g  c o n c l u -  
s i o n s :  

a )  The 1975 Mars e n c o u n t e r  m i s s i o n  i s  g e n e r a l l y  
s u i t a b l e  f o r  p r o b e  t a r g e t i n g .  The s u n  a n g l e  
on a r r i v a l ,  however,  may be  t o o  low f o r  t h e  
u s e  o f  t h e  shadow measurement t e c h n i q u e  t o  
d e t e r m i n e  topography .  

The f i r s t  Venus e n c o u n t e r  on t h e  1977 t r i p l e  
p l a n e t  m i s s i o n  p e r m i t s  t a r g e t i n g  p r o b e s  t o  t h e  
s u b s o l a r  and a n t i - s o l a r  r e g i o n s .  On t h e  s e c -  
ond Venus e n c o u n t e r  t h e  s u b s o l a r  r e g i o n  may 
n o t  be a c c e s s i b l e .  The Mars e n c o u n t e r  has a 
SUI? anmln 6-'-b of a p p r o x i m a t e l y  90" on approach  
so  shadow measurement may' b e  u sed  t o  d e t e r -  
mine topography .  The MSSR p r o b e  must b e  
d e s i g n e d  for opera t j -on  i n  d a r k n e s s  or l o n g  
s u r f a c e  l i f e t i m e .  

c )  The f l y b y  p l a n e  o f  t h e  Venus e n c o u n t e r  on 
t h e  1978 d u a l  p l a n e t  m i s s i o n  has a low a n g l e  
o f  i n c l i n a t i o n  which p e r m i t s  e x t e n d e d  l i n e -  
o f - s i g h t  c o n t a c t  w i t h  t h e  s u b s o l a r  and a n t i -  
s o l a r  r e g i o n s .  However, t hese  r e g i o n s  may n o t  
be  a c c e s s i b l e  t o  p r o b e s .  The Mars e n c o u n t e r  
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h a s  poor  solar i l l u m i n a t i o n  and v i s u a l  
t a r g e t i n g  of  p robes  may n o t  b e  p o s s i b l e .  
The MSSR must be des igned  for o p e r a t i o n  
i n  d a r k n e s s  o r  long  s u r f a c e  l i f e t i m e .  

Ackriowledgement : The t r a j e c t o r y  d a t a  used  i n  computing t h e  
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DAYS i i i i 0  M I S S l O N  
0 

IC5 
90 

230 

4 48 
548 
648 (EARTH ENTRY) 

i30 (MARS ENCOUNTER) 

348 (APHELION) 

POS I T I  ON HUHBER 
i 
2 
3 
4 
5 
6 
7 
8 
9 

F I G U R E  1 - 1  - 1975 MARS MISSION 



MARS PASSAGE DATE 
MARS PASSAGE D I STANCE 
ARR I VAL-DEPARTURE V, 
VELOC I TY AT PER I APS I S 

1/31/76 
I 8  KM 
8.6 KM/SEC 
9.95 KM/SEC 

I N C L I N A T I O N  OF FLYBY PLANE TO 
MARS EQUATOR 1 AL PLANE 142.6" 

MARS ENCOUNTER 

FIGURE 1-2 - 1975 MARS M I S S I O N  



2 A C E  SUB SOLAR 

w +SU8 EARTH 

\ P O I N T  

TERM I NATOR N 
VIEW Otl ARRIVAL 

V IEW OM DEPARTURE 

MARS ENCOUNTER 

F IGURE 1-3 - 1975 MARS MISSION 
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TR IAJECTORY SYMBOLS 
A SPACECRAFT 
63 EARTH 

DAYS iNTO M i S S i O N  POS i T I ON NtiMBER 
0 1 

74 2 
I 49 (VENUS ENCOUNTER) 3 
245 4 
345 (MARS ENCOUNTER) 5 
459 6 
574 (VENUS ENCOUNTER) 7 
6 W5 8 
7 1 6  (EARTH ENTRY) 9 

FIGURE 2-1 - 1977 T R I P L E  PLANET MISSION 



VENUS PASSAGE DATE 6/21 177 
VENUS PASSAGE DISTANCE 680 KM 
ARRIVAL - DEPARTURE Va 
VELOC I TY AT PER I APS I S 

6.7 KM/SEC 
I I . 8  KM/SEC 

INCLINATION OF FLYBY PLANE TO 
VENUS EQUATORIAL PLANE 80.4" 

F I RST VENUS ENCOUNTER 

FIGURE 2-2 - 1977 T R I P L E  PLANET MISSION 



VIEW 01; kRRlVAL 

ANTI SOLAR 
PO I WT 

SOUTH 
P O L E  

VIEW OH DEPARTURE 

F I RST VENUS EYCOUNTER 

FIGURE 2-3 - 1977 TRIPLE PLANET MISSION 
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MARS PASSAGE DATA 1/3/78 
MARS PASSAGE DISTANCE 3960 KM 
ARRIVAL - DEPARTURE V, 4.4 KM/SEC 
VELOCITY AT P E R l A P S l S  5.6 KM/SEC 

8 

TRAJECTORY 

- 

ENCOUNTER 

11 

A L  

I N C L I N A T I O N  OF FLYBY PLANE TO 
MARS EQUATORIAL PLANE - 60.3" 

MARS ENCOUNTER 

PER I APS I S 

F I G U R E  2-5 - 1977 T R I P L E  PLANET M I S S I O N  



ANT I -EARTH 
PO I NT 

VIEW ON ARRIVAL 

PO I NT 

VIEW ON DEPARTURE 

SUB SOLAR 
PO I M i  

MARS ENCOUNTER 

FIGURE 2-6 - 1977 TRIPLE PLANETMISSION 
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VENUS PASSAGE DATE 8120178 
VENUS PASSAGE DISTANCE 700 KM 
ARRIVAL - DEPARTURE V 7.1 KMlSEC 
VELOC I T Y  AT PER I APS I Sm 12 KMlSEC 

I 
e + 
I 

w w  
e l -  

ENCOUNTER TRAJECTORY 

INCLINATION OF FLYBY PLAME TO 
VEHUS EQUATORIAL PLANE - 80.5" 

SECOND VENUS ENCOUNTER 

FIGURE 2-8 - 1977 T R I P L E  PLANET M I S S I O N  



POLE 

VIEW ON ARRIVAL 

VIEW ON DEPARTURE . 

SECOND VENUS ENCOUNTER 

FIGURE 2-9 - 1977 T R I P L E  PLANET M I S S I O N  
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TRAJECTORY SYMBOLS 
A SPACECRAFT 
QXI EARTH 
Q VENUS 

p MERCURY 
$MARS 

27 

DAYS INTO M I S S I O N  
0 

60 
I 20 
I 58 (VENUS ENCOUNTER) 
200 
300 
390 (MARS ENCOUNTER) 
470 
550 
645 (EARTH ENTRY) 

POS I T  I ON NUMBER 
1 
2 
3 
9 
5 
6 
7 
8 
9 

io 

F I G U R E  3-1 - 1978 DUAL PLANET M I S S I O N  



VENUS PASSAGE DATE 5/ 15/79 
VENUS PASSAGE DISTANCE I170 KM 

VELOCITY AT PER1 A P S I S  14. I KM/SEC 
A R R I V A L  - DEPARTURE v, io.5 KM/SEC 

COUNTER TRAJECTORY 

I N C L I N A T I O N  OF FLYBY PLANE TO 
VENUS EQUATORIAL PLANE - 1 2 . 2 O  

\ 

VENUS ENCOUNTER 

F I G U R E  3-2 - 1978 DUAL PLANET M I S S I O N  



. . 

SOUTH 
POLE 

VIEW ON ARRIVAL 

AN T 1 -EARTH 
PO I N T  

S O U T H  
POLE 

VIEW ON DEPARTURE 

VENUS ENCOUNTER 
F I G U R E  3-3 - 1978 DUAL PLANET M I S S I O N  



(SIII) S I S d V l U d  W O U  3WIl 

0 
In 

In 0 - - 9 In 0 L o  

nn m N N 
9 
j 

’”. 
I I I I I I I I I i 
=r 

0 0 0 

In 
N N 

0 0 

0 0 
0- 

N 

0 0 

0 In 
9 
- 

( W I )  33NVlS  l a  
0 
0 0 

0 0 

g 
In N - - 

0 N 0 9 - - 

\ 

k 

0 03 

S319NV 

0 0 

0 In 
9 

0 0 

In 
N 

0- 

0 

0 0 
N 0 j 0 W 

0 0) 

0 
m 

0 N 

0 



FIGURE 3-5 - 1978 DUAL PLANET MISSION 



VIEW 011 ARRIVAL 

V IEW ON DEPARTURE 

MARS ENCOUNTER 

F IGURE 3-6 - 1978 DUAL PLANET M I S S I O N  
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